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Abstract— As the portable entertainment and mobility 
technologies migrate into the car, driver distraction has 
become recognized as a major factor in road crashes around 
the world.  To help alert drivers to their distraction, active 
safety technologies such as lane departure warning systems 
and collision avoidance systems are being implemented.  
One issue with the implementation of yet another technology 
into the vehicle is how to cut through the competing 
demands of the mobile phone, navigation systems and other 
technologies.  Haptic alerts present just such a method that 
may enable the system to short- circuit the normal auditory 
or visual communication channels.  This paper presents a 
low cost haptic steering wheel controller that has been 
designed developed and tested and may be used as a 
communication device by a lane departure, collision 
avoidance, or other type of safety system. 
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I. INTRODUCTION 
 Driver distraction is becoming an ever-increasing 
problem in road safety as technology such as mobile 
phones and satellite navigation systems are making greater 
demands on the driver’s attention [1].  The US 
Department of Transportation has recognized the issue as 
having such significance that they have created a website 
in order to educate and present information on the causes, 
effects and current state of research into driver distraction 
[2].  
In a 2009 NHSTA report it was estimated that 16% of 
all fatal crashes and 22% of all injury crashes in 2008 
involved driver distraction [3].  While this data is strictly 
contained to the United States it points to a serious road 
safety issue in driver distraction.  For the purposes of that 
report driver distraction was considered “participation in 
secondary tasks and cognitive distraction.”  While the 
emphasis of the DOT’s push is to eradicate driver 
distraction through education and legislation, there is 
clearly a role for technology to play a part in detecting 
driver distraction and providing warnings when this is 
occurring.   
Advanced Driver Assistance Systems such as Lane 
Departure Warning Systems (LDWS), Forward Collision 
Warning and other collision avoidance technologies are 
currently being implemented to alert distracted drivers to 
their inattention [4].  One problem with these systems is 
that in order to alert the driver to their distraction, the 
system must add yet more visual or audible noise to the 
driver’s already crowded environment.  Haptics or “sense 
of touch” technologies offer an opportunity to short circuit 
these overloaded communication channels by using 
vibrating or other tactile alerts to help keep the driver 
focused on the task of controlling the vehicle [5]. 
A secondary issue is that in order to implement a new 
feature in the vehicle implies additional wiring harness, 
sensors and actuators.  With the amount of new 
technologies being placed in modern cars the cost of 
sensor and wiring duplication is significant.  In many 
cases multiple vehicle subsystems are making use of the 
same information, for example the wheel speed is an input 
to not only the drivers instrument, but also to the Antilock 
Braking System (ABS), Electronic Brake-force 
Distribution (EBD) and traction control systems amongst 
others.  To avoid duplication of the sensors and associated 
wiring, information is commonly placed onto a 
communication network or bus where it can be accessed 
by many elements of the car’s control system [4].  There 
are several network topologies in use for vehicle 
communications that relate to warning systems, two of 
which are Local Interconnect Network (LIN) and 
Controller Area Network (CAN).  Other network 
topologies include MOST and Flexray, however these are 
designed for infotainment (video and audio) and chassis 
control functions respectively.  CAN and LIN are the two 
major networks in use for body and safety functionality in 
the currently available vehicles [4]. 
In the realm of consumer electronics, simple, low cost 
vibration alerts have become commonplace on everything 
from mobile phones to game consoles.  The actuators for 
these alerts are typically a small DC motor with an offset 
weighted flywheel, such that spinning the motor sets up a 
vibration in the device, which propagates through the 
phone or handheld controller.  One limitation of this 
design is that it has a limited range of response because 
the vibration is a function of the rotation of the flywheel, 
which is a function of the applied voltage.   
At the other end of the scale of complexity (and 
expense), Haptics has been demonstrated as a means of 
enhancing remote positioning tasks with teleoperated 
robots [6].  While clearly effective, these types of haptic 
interfaces are far too expensive and complex to be 
considered for automotive use. 
The aim of this research was to create a prototype 
haptic steering wheel interface that can communicate on 
CAN, LIN and UART channels.  A further aim was to test 
the idea that a haptic interface can be manufactured with a 
simple, and therefore low cost, DC motor as the actuator.  
By utilizing a control algorithm that allows for rapid 
directional changes of the motor, it was aimed to show 
that a low cost haptic actuator can be constructed that has 
independently variable Intensity, Frequency and Duration. 
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II. RELATED LITERATURE 
With the increasing amount of technology available in 
cars, driver distraction is increasingly becoming a major 
factor in vehicular accidents.  In order to assist drivers 
detect their distraction, automotive manufacturers have 
invested significant research in both active and passive 
safety systems and methods to provide critical feedback to 
the driver.  One of the modern approaches to providing 
information is to use haptics, or “sense of touch” 
information.   
One goal of a haptic interface is to close the feedback 
loop to the operator of the control by providing some kind 
of physical sensation through the feel of the controller.  In 
the case of game consoles this could mean having a hand 
held controller that shakes as your virtual car goes over a 
bump in a driving simulator, while in medical training 
devices, the interface is able to simulate the varying 
resistances of muscle, skin and bone to provide students a 
feel for procedures without using cadavers or animals [7].  
In the case of the BMW iDrive, the controlling device has 
different feelings depending on whether it is being used to 
control the heating, the radio, or the vehicles system 
settings.  For example, fan speed control has four distinct 
clicks, while stereo fade has a detent in the middle, with 
stops at each end [7, 8]. 
As the amount of information being presented to the 
driver has increased with navigation systems, mobile 
phones and vehicle warnings from low fuel to tire pressure 
monitoring systems, the driver’s visual and auditory 
information channels have become overloaded.  That the 
haptic modality for driver information is underused is 
shown in [9] where it is also shown that by utilising a 
haptic steering wheel, visual demand could be reduced.  
The results of this research were positive for using haptic 
feedback as a means of reducing visual demand on the 
driver.  This has significant implications for the possible 
success of a haptic steering wheel in reducing driver 
fatigue, but also supports the fundamental idea that a 
haptic steering wheel is an appropriate way of delivering 
information to a driver.  In [10] the authors showed a 
haptic device that was able to convey messages to a driver 
by using a haptic device attached to the drivers foot.  
While this supports the idea of using haptics in an 
automotive environment it seems to lack somewhat in 
practicality. 
The use of a pneumatic haptic device on a steering 
wheel was investigated in [5] and it was shown that by 
including a haptic device on the steering wheel, response 
times to stimuli in otherwise overloaded environments 
was reduced.  In addition, they showed that the haptic 
stimulus not only reduced the reaction time, but also 
reduced the number of missed responses to stimuli, 
indicating that haptic stimuli may be effective in 
circumstances where a problem might otherwise go 
unnoticed.  This is a critical point for providing 
information to otherwise distracted drivers.   
There are many sources of driver distraction in a 
modern car, from mobile phones and satellite navigation 
systems, to the screaming child in the back seat.  The 
effect of driver distraction can be a reduction in vehicle 
control resulting in an inadvertent lane departure, which in 
turn can lead to head on crashes and rollovers.  In an effort 
to reduce the number of lane departure incidents, systems 
are becoming available to detect and alert drivers to these 
events.  Steering behavior during lane departure was 
investigated in [11] and the impact of auditory and haptic 
warning cues was studied.  The study compared using 
auditory, steering wheel vibration and pulsed steering 
wheel torque with the result that auditory cues were very 
good for alerting the driver to a lane departure if the driver 
had been trained to know what the auditory cue was for, 
but that vibration of the steering wheel was effective in 
achieving steering correction in the shortest time if the 
subject was not trained to the cue.  The application of 
steering torque while successfully eliciting a fast steering 
response, was also equally as likely to elicit an incorrect 
response as a correct one, i.e. the subject steered the 
vehicle further out of the lane before correcting the error.  
In each case, analysis of video footage showed that the 
subjects looked up to the road before applying steering 
correction.  The result of this study reinforces the potential 
benefits of using haptic stimulus to alert drivers to 
imminent danger. 
The report by the Federal Motor Carrier Safety 
Administration [12] refers to a statistic derived from the 
General Estimates System in use in the United States, 
which indicated that “13,000 roadway departure crashes 
involving large trucks occurred in 2003, resulting in 90 
fatalities”.  It is crash data like this that is driving the 
adoption of active safety devices, such as Bosch’s 
electronic stability program (ESP), adaptive cruise control, 
forward collision warning and lane departure warning 
systems (LDWS) from vendors such as Delphi, Iteris and 
Mobileye [12].  These systems, which are fitted to many 
trucks in Europe and the United States and are now 
available on passenger vehicles such as the Citroen C3, 
C4 and C5.  In the case of the Citroen LDWS, there is a 
haptic interface with the driver through a vibrating seat 
alert, as well as an audible alert.  In other systems such as 
the Iteris system deployed in many commercial vehicles in 
Europe and the United States, the primary warning is an 
audible rumble strip noise, with the option of a vibrating 
seat alert.  While these systems are currently available in 
the market place, a vibrating wheel alert was not offered 
commercially until the release of the BMW 5 Series with 
the Mobileye Lane Departure Warning system in March 
2007 [13]. 
New safety technologies are being introduced into the 
automotive environment to help eliminate the effects of 
driver distraction.  The problem is that with each new 
safety technology comes a new communication device, be 
it a vibrating seat, audible tone or flashing light and there 
is a risk that these competing devices will do more harm 
than good by overloading the driver to the point where he 
can no longer make correct decisions.  What is proposed 
here is a centralized architecture in which the 
communication device (in this case a haptic steering 
wheel) is decoupled from the safety technologies that are 
monitoring the driver’s behavior.  By placing the haptic 
controller directly on the CAN or LIN bus and making it 
accessible to all other modules on that bus it will be 
possible to prioritize information in the haptic controller 
and only deliver the relevant information in a way that it 
can be best understood by the driver.  This research aims 
to produce just such a haptic device that can accept 
commands from a variety of sources and produce a variety 
of distinct haptic signals with a simple brushed DC motor 
as the actuator.  This DC motor can then be used to enable 
haptic signals on a steering wheel.  488
III. PROTOTYPE HARDWARE DESIGN 
The fundamental idea behind this research was to 
produce an interface that can be used to accept signals 
from a vehicle bus (CAN or LIN) and translate these into 
action commands for a DC motor.  The use of a simple 
DC motor (rather than a dedicated vibration motor) 
reduces the cost and increases the flexibility of the system. 
By using a balanced DC motor and initiating rapid 
changes of direction to set up the vibration around the axis 
of the motor, the intensity of vibration is a function of the 
speed of the motor (it’s rotational inertia) and the 
frequency is a function of the period between direction 
changes.  There will obviously be some degree of 
correlation between these two parameters, however for 
any given motor, there will exist a range of frequencies 
that are available to be used, and a range of independent 
intensities which can be setup by the operating voltage. 
Clearly a motor a very low inertia can change direction 
rapidly, thus achieving a high frequency vibration, but at 
the expense of intensity as the low rotational inertia will 
produce very low intensity vibration.  This algorithm is 
further described below in section IV Software Design. 
The hardware design was implemented using regular 
two layer PCB construction techniques commonly found 
in automotive environments.  Particular care was taken to 
design using only cost effective, available and proven 
components to minimize design risk. 
 
A. Power Supply 
The power supply chosen for this design was an 
Infineon TLE4278G.  This device was chosen for its wide 
input voltage range (5.5 to 45V) for a 2% regulation of 5V 
output, excellent thermal characteristics (-400C - +1500C) 
and the additional watchdog, under-voltage and overload 
protection features.  In addition, this device will survive 
reverse battery connection, an important consideration in 
the automotive environment.  The supply capability of this 
device is 200mA, which is sufficient for driving the 
components that are driven from this supply. 
 
B. Microprocessor Selection 
The microprocessor must be carefully selected for the 
competing demands of cost Vs functionality.  A Renesas 
R8C23 processor was chosen for this project for several 
key reasons: 
a) Cost – this micro is very competitively priced 
b) Functionality- CAN, LIN and UART as well as 
Voltage monitor. 
c) Automotive temperature grade parts available 
d) 5V or 3V3 operation, important for both low 
power and simple interface with existing in vehicle 
technologies. 
 
A starter kit provided by Renesas Australia (Fig. 1) was 
invaluable in evaluating the chip and experimenting with 
the various functions such as UART and CAN.  The 
provision of source code from Renesas for these functions 
greatly simplified the creation of usable software for the 
final module.   
 
 
Figure 1-Renesas R8C23 Starter Kit PCB 
 
C. CAN interface 
While the microprocessor was selected on the basis of 
its native ability to control both CAN and LIN networks, 
there is still a need for specific interface chips to translate 
the voltage levels to actual CAN and LIN communication 
voltages.  The CAN chip chosen for this project was the 
TJA1040 from Philips and has several key features that 
make it ideal for this particular application: 
a) Availability – multiple supplier sources for this 
part 
b) Ideal passive behavior when supply voltage is off 
(no current drawn from bus when un-powered.) 
c) Very low Electromagnetic Emissions (EME) 
d) Immunity to transients voltages on bus pins 
 
D. LIN Interface 
The LIN protocol, unlike the CAN protocol is a Master 
Slave network.  Even though it is assumed that this device 
is unlikely to be the master in a LIN network, provision is 
made for this function by the addition of a resistor 
between the LIN pin and Battery for the purposes of 
prototyping.  The TJA1020T exhibits similar features to 
the TJA1040 CAN part discussed earlier, such as good 
EME and very low current, and is ideal for a situation 
such as this where the module may be un-powered. 
 
E. Motor Drive Circuit 
To facilitate flexibility in actuator selection, a single IC 
solution (VN770K) was used for driving the haptic 
interface device.  This chip has four independent gate 
FET’s, two high and two low side.  Depending on the 
connection configuration, this device could be used to 
drive a single motor in full H bridge configuration 
(forward and reverse capable), or four independent 
motors, two with high side drive and two with low side 
drive.  Various protection devices have been incorporated 
into the design to prevent the device from destroying itself 
in the event of a failure in the software driving the device.  
This chip is capable of delivering as much as nine amps 
peak current. 
 
IV. SOFTWARE DESIGN 
The embedded Software was developed using the 
Renesas Hardware Embedded Workshop (HEW) and is 489
written in C.  A number of code samples were provided by 
Renesas to facilitate development of CAN, LIN and 
UART functions, though these had to be extensively 
rewritten in order to operate on the Haptic ECU hardware 
design.  The main aim of the software design was to prove 
or disprove the concept of a simple 12V DC motor being 
used as a multi-mode haptic actuator, and to test the CAN 
interface hardware.  
A. Haptic Routines 
Two haptic routines (Vibrate and Ring) were written to 
drive a H-bridge connected DC motor.  These routines 
were used to test the response of a DC motor in generating 
different modes of Haptic signal.  There are three 
parameters that can be set to vary the intensity, duty cycle 
(on and off time) and duration of the vibration of the 
actuator.  The Intensity PWM is a 2KHz PWM signal with 
variability between 0 and 100% duty cycle.   
The On time and Deadband duration control is 1mS 
timer based and has a range of 0-255mS which equates to 
a frequency range for the vibration of between 2Hz and 
1kHz.  The duration of the signal is counted in cycles and 
is a value between 0 and 255 cycles.  The final motor 
drive signal is a logical AND of the 2kHz Intensity signal 
and the On timer which provides the necessary decoupling 
between the intensity and the frequency of the 
vibroactuator. 
The Vibrate command is as the name suggests simply a 
command to set the motor vibrating by rapidly changing 
direction as per the parameters passed by the controller.  
The Ring command sets up a haptic simulation of a 
ringing telephone.  
B. User Interface 
For the purposes of testing various combinations of 
Intensity and Duty Cycle, a simple user interface was 
written to allow control of the three parameters.  The 
interface communicates with the hardware via RS232 for 
debugging.  The GUI for this interface is shown in Figure 
2. 
 
Figure 2 - Haptic User GUI 
V. PROTOTYPE 
The prototype built to test this design consisted of the 
hardware PCB design, 12V DC motor as a representative 
actuator and a GUI to enable different vibration 
parameters to be tested.  The prototype PCB design is 
shown in Figure 3 with the major elements of the design 
labeled. 
 
 
 
 
Figure 3-Haptic ECU V0.0 PCB 
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VI. RESULTS 
Evaluation of the prototype was undertaken on a 
number of levels and the following areas have been 
covered in more or less detail depending on the 
availability of tools and time for such evaluation. 
1) Cost 
2) Haptic Performance 
3) CAN Communication Test 
4) Electrical Performance 
B. Cost  
The total hardware cost in this implementation was 
around $20USD however this did not include the 
mechanical components that would be required to connect 
the motor to the steering wheel as it is assumed that a 
complete wheel redesign would be necessary to 
implement this feature. 
C. Haptic Performance 
The haptic performance of the system relies on two 
specific factors, namely Software and Hardware.  Testing 
of the software confirmed the timing of the haptic drive 
routines by recording motor drive signals on an 
oscilloscope while the testing of the hardware showed the 
resulting physical vibrations achieved by driving the 
motor with the vibrate algorithm. 
 
Figure 4 shows the motor drive signals sent to the H 
bridge driver IC. These signals show a 5mS pulse in 
forward direction, 5mS deadband, and 5mS reverse pulse.  
This pulse – reverse – pulse strategy sets up a vibration in 
the motor as the rotor tries to rapidly change direction.  
The timing of the pulses is clearly limited by the inertia of 
the motor which can be increased by applying a flywheel 
to the rotor shaft.   
 
 
Figure 4 - 5ms Haptic Motor Drive Command 
The ability of the system to generate various haptic 
alerts was tested using the GUI to send parameters to the 
system and observe the response of the motor.  It was 
noticed very early on in testing that the amount of 
perceived vibration was inversely related to the tightness 
of the grip on the motor, that is, the tighter the grip, the 
less intense is the perceived vibration.  This outcome has 
implications for the mounting arrangement if a motor of 
this type is to be used to provide a haptic signal.   
 
For the purposes of acquiring some quantitative data, 
the motor was loosely mounted to a small spring balance 
as shown in Figure 5- Motor/Spring Balance Test System 
and the amount of peak deflection of the needle was used 
as a measure of the vibration being generated by the 
motor.  This method while simple is effective at 
measuring the actual vibration intensity of a fixed system.  
The results are shown in Table 1. 
 
 
Figure 5- Motor/Spring Balance Test System 
Table 1 - Haptic Performance 
 
D. CAN Communication Test  
CAN messages were successfully sent between the 
prototype board and the Renesas starter kit shown in 
Figure 1 at a rate of 1Mb/s.  This testing utilized source 
code supplied by Renesas to initiate and validate the CAN 
communication.  Figure 6 shows CAN communication at 
1Mb/s with nice square waveforms and minimal 
overshoot which is an important consideration for 
minimizing noise on the CAN bus. 
 
Figure 6 - CAN communication at 1Mb/s 
On-Time 
 (ms) 
Dead Band 
(ms) 
Duration 
(cycles) 
Deflection 
(grams) 
5 5 5 40 
10 10 10 70 
20 10 10 120 
20 20 10 60 
20 30 10 60 
50 50 10 30 491
E. Electrical Performance 
One significant consideration in an automotive 
environment is stability of power supply under varying 
conditions.  Figure 7 shows a trace of the 5V power 
supply rail (in blue) while the motor is being driven which 
indicates less than 20mV supply ripple even with the input 
voltage varying by almost 10V (shown in yellow). 
 
Figure 7 - Power Supply Ripple during operation 
VII. FUTHER WORK  
While this research has shown that it is possible to 
achieve differing haptic signals from a single DC motor, it 
remains to determine the parameters that will dictate the 
range of signals that can be achieved from a single design.  
This would include mechanical simulation and 
construction of prototypes with a view to arriving at 
design criteria for future implementations. 
VIII.  CONCLUSIONS  
The increasing levels of technology in today’s 
automobiles demand new and better ways to communicate 
information to the driver in order to avoid the already 
overloaded sense of sight and sound.  The haptic interface 
developed during this project is just such a device that 
could help to save lives and reduce the incidence of road 
trauma by acting as a low cost gateway between a Haptic 
alert mechanism (such as a steering wheel) and the 
vehicle’s existing warning systems by utilizing the CAN 
or LIN bus system. 
The algorithm developed for driving a DC motor as a 
haptic actuator has shown that various intensity and 
frequency signals can be generated from a single DC 
motor.  This versatility may be used to enable different 
levels of alerts for different types of warning situations, or 
alternatively to allow the end user to differentiate between 
different signals coming from different modules such as 
vehicle overspeed, lane departure or a hands free 
telephone.   
The cost profile for this device, while not necessarily 
indicative of a volume production unit shows that a low 
cost micro ($3-$5) can be used to implement haptic alerts 
on a vehicle CAN or LIN bus.  Ultimate application of 
this technology would inevitably rely on the specification 
of the system and interface by the vehicle manufacturer 
for such parameters as CAN baud rates. 
Electrical performance of the system, as measured by 
the power supply stability and the performance of the 4 
channel FET driver is sufficient to consider these parts for 
inclusion in a final design.  The stability of the power 
supply and microprocessor shown during this 
development period go towards recommending them as fit 
for this purpose. 
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